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1. Section 404 of Public Law 92-500, the Federal Water Pollution
Control Act Amendments of 1972, designates the U. S. Army Corps of
Engineers as the agency to issue permits for the discharge of dredged or
fill material into navigable waters at specified disposal sites. The
guidelines for the ecological evaluation of the discharge of dredged or
fill material published by the Environmental Protection Agency (EPA) in
the Federal Register (Volume 40, No. 1973, Friday, 5 September 1975)
give general descriptions of these evaluations. The Dredged Material
Research Program (DMRP), a broad multifaceted investigation of the
environmental issues concerning the discharge of dredged material, bears
some indirect relationship to £ill material discharge activities but

did not directly address potential problems resulting from the discharge
of fill material. While the EPA guidelines apply equally to dredged or
fill material, the testing and evaluation procedures identified in the
Federal Register are not designed to account for the physical/chemical
and biological interactive effects of fill material. Consequently,
through DMRP-related funding, '"An Assessment of Problems Associated with
Evaluating the Physical, Chemical, and Biological Impacts of Discharging
Fill Material" was initiated.

2. The report transmitted herewith is a multidisciplinary effort to
conduct a state-of-the-art assessment of problems associated with
evaluating the physical, chemical, and biological impacts of discharging
fill material. The focus was directed to two broad categories: (a) ad-
ministrative/procedural problems and (b) technical problems associated
with impact prediction and assessment. Two broad tasks were identified
to accomplish the study objective: basic information gathering and
assessment of problems and needs. A weighted-ranking technique was used
to establish the priorities of the identified problems and needs.

3. Contacts with 14 Corps offices, 10 other Federal agencies, and 50
state water resource agencies were used to identify the concerns related
to the permitting of fill material discharge. Results of the survey
identified administrative/procedural needs that included, in decreasing
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order of priority, scientific rationale for permit issuance, increased
personnel and laboratory resources, increased communications, surveil-
lance of permit compliance, and information dissemination. A literature
survey to determine technical deficiencies showed potential physical
impacts that included changes in infiltration and flow regimes, de-
struction/alteration of natural or man-made habitat, and creation of
habitats. Chemical impacts were found to result from the release of
suspended solids, organics, nutrients, and toxic substances. Biological
impacts ranged from physical barriers to fish migration to complete
smothering of entire wetlands. The effects of leachates on aquatic
biota were found to be complex and diverse ranging from no measurable
changes to acute toxicity.

4., The information and data published in this report are a valuable
foundation for planning fill activities--a foundation to be augmented
by more meaningful and comprehensive evaluation procedures and guide-
lines, Future work in this area should include impact quantification
and modeling, construction techniques and control measures for impact
minimization, verification of predicted long-term impacts, basic
chemical and biological interactions and effects, applicability of
dredged material disposal findings, characterization of wetlands, and
magnitude of fill discharge operations. It is expected that the
assessment presented herein will be of significant value to those
persons concerned with CE fill material permit programs.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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SUMMARY

Discharge of fill material means the addition of fill material into navi-
gable waters for the purpose of creation of fastlands (landfills), elevation of
land beneath navigable waters, or for impoundment of water. Fill material
discharges in wetland areas are of particular concern due to the potential en-
vironmental impacts. Both natural materials (soil, rock, and sand) and man—
altered materials (dredged material, municipal solid wastes and incinerator
residues, coal ash, mine tailings, and various sludges) can be used as fill.

Examples of projects involving the use of fill material include dams and
impoundments; site development for recreational, industrial, commercial, residen-
tial or other uses; causeways or road fills; property protection facilities such
as dikes, levees, and bulkheads; and pollution control facilities such as san-
itary landfills. Offshore developments include airports, artificial islands,
and port facilities.

Millions of acres of estuarine habitat have already been lost or modified
as a result of activities to create new land for development or to build struc-
tures for protection from the elements. Filling is projected to continue to be
or become a problem in about two-thirds of the nation's 678 estuaries. Regional
requirements for future landfills (fastlands) in coastal areas are projected to
exceed available dredged material volumes. Inland usage of fill materials is
also expected to increase as a result of population increases and concomitant
pressures for recovery and use of marginal lands in urban areas.

The potential environmental impacts of discharging fill materials have
been of increasing concern within recent years. These discharges are currently
regulated by Section 404 of the Federal Water Pollution Control Act Amendments
of 1972 (PL 92-500). The purpose of the research project reported herein was
to conduct a state-of-the-art assessment of problems associated with evaluating
the physical, chemical, and biological impacts of discharging fill material. Pro-
blem areas included administrative/procedural concerns and technical information
deficiencies. A weighted-rankings technique was used to establish the priorities
of the identified problems and needs.

The key requirement of Section 404 is the issuance of permits by the Corps
of Engineers for fill discharge into navigable waters at specified sites. The
definition of navigable waters has been considerably expanded in recent years,

with the current Corps authority under Phase III of the program extending to
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stream headwaters with flows greater than 5 cubic feet per second (cfs). Requests
for permits are to be rejected when it is shown that the fill material dis-
charge will have an unacceptable adverse effect on municipal water supplies,
shellfish beds and fishing areas (including spawning and breeding areas), or
wildlife or recreational areas.

The administrative/procedural concerns are primarily related to the per-
mitting process. In order to identify these concerns, visits were made to four-
teen District/Division Offices of the Corps, visits and phone contacts were made
with ten other Federal agencies and related organizations, and a telephone sur-
vey of the water resources agency in each of the 50 states was conducted. Fur—
ther identification was accomplished at a project workshop attended by the 12-
member team from the University of Oklahoma; several invited persons from the
Corps, Environmental Protection Agency, Fish and Wildlife Service, and Federal
Highway Administration; and one consultant from Texas A&M University. The
ranking of the identified administrative/procedural problems is presented as

follows, in decreasing order of priority:

1. Scientific rationale for permit issuance needs to be developed,
particularly for expediting general permits as well as permits
for those projects considered to have minor environmental impacts.

2., There is a need for increasing the basic personnel and labor-
atory resources within all Corps District Offices in order to
meet the demands of increasing numbers of permit applications
being received during Phase III of the Section 404 permit program.

3. There is a need for increased internal communications within the
Corps relative to recognition of work accomplishments in the
Section 404 program area, provision of administrative/technical
training, and dissimination of information to Division/District
Offices and between Division/District Offices and the Office,
Chief of Engineers (OCE).

4. There needs to be increased efforts to improve institutional
relationships between the Corps and the 50 states, as well as
between the Corps and other Federal agencies having respon-
sibility or interests in the Section 404 program. The primary
need is for information communication and continuing coordination.

5. There is need for a program to provide continuing surveillance
and enforcement of compliance/non-compliance with Section 404
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requirements. There is no follow-up verification that the stipu-
lations contained in permits will be actually followed during
construction and operation of fill discharge projects.

6. There is need for information dissemination at all levels on
changes in operational policies. Information on court decisions
and their implications, as well as clarification of conflicting
responsibilities between old and new legislation needs to be
provided in a timely fashion.

Technical information is needed in the permitting process to properly
predict and assess the physical, chemical, and biological impacts of discharging
fill material. Testing of proposed fill material may be required to establish
certain engineering-related properties, identify physical and chemical components
which may leach during or following placement, and evaluate potential biological
impacts of the leachates, including toxicity or stimulation.

In order to identify available technical information as well as delineate
data gaps and information needs, an extensive literature survey was conducted.
The review of pertinent published literature was focused on (1) the physical,
chemical, and biological impacts of fill discharge, and (2) planning, design,
and construction measures for impact minimization. A review of existing environ-
mental impact assessment (EIA) methodologies which have been applied, or are
potentially applicable, to fill discharge projects was also accomplished.

Six case studies were also identified and visits were made to four of them to
visually determine the environmental impacts or lack thereof. Visits were made
to an industrial site using dredged material and quarry rock, a residential/
commercial development using dredged material, a highway project using earthfill
and highway solid wastes, and a sanitary landfill comprised of municipal solid
wastes.

Available technical information is summarized in Table S-1 relative to
the types of fill materials used for five categories of projects. The most
frequently occurring types of projects are associated with property protection,
causeway/roadfills, and site development. Table S-2 summarizes the previous
and anticipated future usage, impacts of concern, and recommended testing for

six categories of fill material.
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Earth fill (soil, sand, gravel) and dredged material are the most frequently
used fill materials. The impacts of concern reflect the potential importance
of resultant environmental changes. More extensive testing is recommended for
those fill materials exhibiting the greatest potential impacts.

Potential physical impacts resulting from fill material discharge include
changes in infiltration, flow regimes, water levels and erosion/deposition patterns;
destruction/alteration of natural or man-made habitats; and creation of habitats.
This listing does not preclude the simultaneous occurrence of several physical
impacts.

Potential chemical impacts result from the release or sorption of chemicals
or solids (including suspended solids, organics, nutrients, and toxic substances)
to or from adjacent waters and the fill site. These processes may then result
in changes in pH and concentrations of carbon dioxide and dissolved oxygen. These con-
sequences of fill discharge may further include shifts in the rates and/or ex-—
tents of chemical reactions.

The biological impacts of fill material discharge result from precursor
physical and chemical changes. General ecosystem changes can result from de-
struction/alteration of existing habitats as well as the creation of new habitats.
The mechanisms of change can range from physical barriers to the migration of
anadromous fish and other aquatic animals to the 'smothering" of entire wetlands
areas. Changes in flow regimes and water levels can also cause undesirable
biological consequences. The effects of fill-released pollutants on the biota
of navigable waters are very complex and diverse. They range from no measurable
effect to acute toxicity. Intermediate effects include stimulation, inhibition,
and bioaccumulation. Information is available on the response of aquatic plants
and animals to changes in turbidity, suspended solids, sediment, organic material,
nutrients, toxic substances, pH, carbon dioxide, and dissolved oxygen.

Based on the literature review, case studies, and discussions at the pro-
ject workshop, technical information deficiencies were delineated. The
ranking of the identified technical problems and needs are presented as follows,

in decreasing order of priority:

1. There is a need for extensive studies related to prediction and
assessment of the impacts of fill material discharge on the physical,
chemical, and biological environments. Included herein are technical
needs for impact identification, quantification, and predictive
modeling.
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2. There is need for research on various construction techniques which
could be utilized to minimize the impact of fill material discharge.
Included should be studies of the response of various materials once
they are placed in a fill.

3. Additional research is needed to identify control measures for
minimizing impacts, as well as to develop monitoring methods for
evaluating these control measures.

4. There is need for research to verify predicted impacts. This would
include long-term monitoring of water quality in the vicinity of
fill discharges, as well as possible adjustment of predictive
methodologies.

5. Since many of the impacts from fill material discharge are related
to chemical interactions and effects, there is need for basic re-—
search on many chemical processes which occur within the aquatic
environment.

6. Since additional impacts from fill material discharge are related
to biological interactions and effects, there is need for basic
research on many biological processes which occur within the aquatic
environment.

7. Due to the extensive research program conducted for dredged material,
there is need for information on the applicability of these research
findings to the general problem of prediction and assessment of the
impacts from fill material discharge.

8. There is need for basic information and definition associated with
wetlands, as well as characterization of numerous types of fill
material.

9. There is a need for a definitive study on the current magnitude of
fill discharge operations, the uses of filled areas, and the types
of fill materials involved. This information also needs to be
projected into the future in order to ascertain the long-term
concerns.

In summary, major impacts on the physical, chemical, and biological
environment can occur as a result of fill material discharge. Administrative/
procedural problems exist with the Section 404 permitting procedure operated
under the jurisdiction of the Corps. While technical information does exist
regarding the environmental impacts of various types of fill material used in
a variety of projects, there are major information deficiencies relative to
impact prediction, assessment, and mitigation. Accordingly, additional research
needs to be conducted in order for the Corps to more effectively administer the

Section 404 permit program of PL 92-500.
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AN ASSESSMENT OF PROBLEMS ASSOCIATED WITH EVALUATING THE
PHYSICAL, CHEMICAL, AND BIOLOGICAL IMPACTS OF DISCHARGING FILL MATERIAL

PART I: INTRODUCTION

The Problem

1. The potential environmental impacts of discharging dredged or £fill
material have been of increasing concern within recent years. These discharges
are currently regulated by Section 404 of Public Law 92-500, the Federal Water
Pollution Control Act Amendments of 1972. The key requirement of Section 404
is the issuance of permits for discharge into navigable waters at specified
disposal sites. Requests for permits are to be rejected when it is shown that
the discharge of dredged or fill material will have an unacceptable adverse effect
on municipal water supplies, shellfish beds and fishery areas (including spawning
and breeding areas), or wildlife or recreational areas.

2. In order to fulfill the responsibilities of Section 404, both the U. S.
Army Corps of Engineers and the Environmental Protection Agency (EPA) have
issued interim guidelines. The Corps published administrative procedures,

"Permits for Activities in Navigable Waters or Ocean Waters' (Federal Register,

Vol. 40, No. 144, Friday, 25 July 1975), that specified a phased implementation
schedule which has continually increased the Corps' jurisdiction over fill mate-
rial to include all navigable waters of the United States by 1 July 1977. The
EPA guidelines for evaluating the impacts of dredged or fill material, "Navigable

Waters: Discharge of Dredged or Fill Material,'" (Federal Register, Vol. 40,

No. 173, Friday, 5 September 1975), indicate that applicants for permits to
discharge dredged or fill material will be provided specific guidance by the
Corps District Engineer on appropriate methods for predicting the environmental
impacts of their operations.

3. In order to develop guidance for the discharge of dredged material,
the U. S. Army Engineer Waterways Experiment Station (WES)* was assigned to
administer the Dredged Material Research Program (DMRP). Among its objectives,
this comprehensive, nationwide program seeks to provide definite information on

the environmental effects of dredging and dredged material disposal operations

* Vicksburg, Mississippi.



in all environmental situations. While the EPA guidelines apply equally to
dredged or fill material, the identified testing and evaluation procedures
are not designed to account for the physical/chemical and biological inter-
active effects of fill material. Accordingly, the need for a definitive
study on the physical, chemical, and biological impacts resulting from the

discharge of fill material was recognized.

Objective

4. The objective of this study was to conduct a state-of-the-art
assessment of problems associated with evaluating the physical, chemical,
and biological impacts of discharging fill material. The focus was directed
to two broad categories: (1) administrative/procedural problems and (2)

technical problems associated with impact prediction and assessment.

Approach

5. To accomplish the study objective, two broad tasks were identified:
basic information gathering and assessment of problems and needs.

Basic information gathering

6. Table 1 identifies various activities conducted during the basic
information gathering task. Each activity is further identified relative to
its provision of information for either administrative/procedural or techni-
cal concerns. Each activity provided input into both areas.

7. The literature review on the environmental impacts resulting from
the discharge of fill material consisted of a thorough search of library
resources as well as the utilization of numerous information storage and
retrieval systems.* The literature review identified areas of knowledge
with regard to the physical, chemical, and biological impacts of the discharge
of fill material. Information from this review is summarized in Parts II and

I11.

* The systems which were queried included GIPSY (Department of the Interior),

Smithsonian Science Information Exchange, Highway Research Information Ser-—
vice, Oklahoma Environmental Information and Media Center (Ada, Oklahoma),
Solid Waste Information System (Cincinnati), and the Conservation Resources
Information System (Soil Conservation Service).
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able 1. Activities associated with basic information gathering task

Activity

Area of Concern®

Administrative/
Procedural

Technical

Conduction of literature review on
environmental impacts

Review of legal and legislative
history

Contacts with Corps offices
Contacts with other Federal agencies
Conduction of state survey

Review of environmental impact
assessment (EIA) methodologies

Review of selected permit applications
and environmental impact statements
(EIS's).

Analysis of selected case studies

Conduction of literature review on
impact minimization

2R B R B

=]

g 8 8 8

=

= B

minor input
major input.



8. The legal/legislative history associated with dredging or filling
was reviewed to provide a background for the requirements of Section 404 and
to identify major administrative/procedural problems from the standpoint of
the legislation itself. Some attention was devoted to various amendments
proposed for Section 404. A summary of these findings is in Appendix A.
Appendix B has a discussion of the pertinent guidelines relating to fill
discharge.

9. Personnel at the Office of the Chief of Engineers and at fourteen
District and Division offices of the Corps were contacted regarding various
administrative/procedural and technical problems associated with compliance
with Section 404 of Public Law 92-500. Other Federal agencies contacted
regarding various reference sources and experiences relative to the discharge
of fill material included the Bureau of Reclamation, EPA, Federal Highway
Administration, Bureau of Land Management, Marine Fisheries Service, Fish
and Wildlife Service, Bureau of Mines, Coast Guard, Soil Conservation Service,
Geological Survey, and Department of Housing and Urban Development. Appendix
C summarizes the findings of contacts with the Corps of Engineers and other
Federal agencies.

10. A telephone survey of the water resource agency in all fifty
states was conducted to obtain information relative to their response to
Section 404 requirements. Information requested included technical references/
studies and identification of problems associated with administrative/
procedural or technical aspects of Section 404. The telephone survey and
findings are also detailed in Appendix C.

11. The sixth activity was a review of EIA methodologies. Since the
effective date of the National Environmental Policy Act (1 January 1970),
over 50 methodologies have been developed. No single methodology has been
developed for all projects involving the discharge of fill material, although
key features of several are potentially useful. The methodology most closely
matching the needs for describing the physical, chemical, and biological
impacts resulting from discharge of fill material was developed by Battelle
Columbus Laboratories® for dredging (Battelle Memorial Institute, 1974). A

summary of this review is contained in Appendix D.

* Columbus, Ohio.



12. The seventh activity consisted of a review of selected permit
applications, statements of findings, and environmental impact statements
(EIS's) relative to the 84 environmental items specified in the environmental
impact assessment (EIA) methodology developed for dredging (Battelle Memorial
Institute, 1974). FEleven permits/statements of findings, and 42 environmental
impact statements were reviewed to provide documentation of what has been
previously done in identifying and describing the potential impacts of fill
material discharge. The selected permits, statements of findings, and EIS's
were identified from contacts with Corps personnel and a review of the 102
Monitor published by the Council on Environmental Quality. A summary of this
review is also contained in Appendix D.

13. The eighth activity was an analysis of selected case studies. Six
projects were examined as examples of the identification and description of
physical, chemical, and biological impacts from fill material projects: the
Richard B. Russell Dam, South Carolina; Marco Island, Florida; Kaiser Steel
Company, Seattle, Washington; highway development in California; Maumee diked
disposal area, Toledo, Ohio; and a landfill in Beaumont, Texas. Four of
these projects were visited, and the key administrative/procedural and
technical concerns are summarized in Appendix E.

14. The final activity in the basic information gathering task was a
literature review of various measures which could be taken to minimize the
environmental impacts of fill discharge projects. Appendix F addresses
general planning/design constraints and erosion control, while Appendix
G contains information on engineering properties of fill materials and
specific design considerations.

Assessment of problems and needs

15. The second major task was an assessment of problems and needs
identified from the basic information gathering task. Activities associated
with this task included visits to WES to solicit information and assess pre-
liminary findings and weekly meetings of the research team to coordinate
work efforts and discuss and assess problems and needs. The key activity
was a workshop in Dallas, Texas, to present the study mechanics, delineate
administrative/procedural and technical problems not previously identified,
and discuss identified problems and needs. This workshop was attended by

the 12-member team from the University of Oklahoma; several invited persons



from the Corps of Engineers, EPA, Fish and Wildlife Service, and Federal
Highway Administration; and one consultant from Texas A&M University. This
task concluded with an establishment of priorities of problems and needs
through the use of a weighted-rankings technique. The method permitted
ranking of administrative/procedural problems and problems associated with

impact prediction and assessment. A summary of this task is in Part IV.



PART II: BACKGROUND FOR STUDY

16. This part contains discussions of basic definitions and concepts
concerning fill material, the magnitude of recent filling activities in the
United States, examples of fill discharge projects, and examples of man-altered

fill materials.

Basic Definitions and Concepts

17. Basic definitions and concepts are needed with regard to what is
fill material, what constitutes the discharge of fill material, and what com-
prises the environmental impacts resulting therefrom.

Fill material

18. Fill material means any pollutant used to create fill in the tradi-
tional sense of replacing an aquatic area with dry land or changing the bottom
elevation of a water body for any purpose. Certain types of material are
specifically excluded from this definition by the EPA guidelines (Federal
Register, Vol. 40, No. 173, Friday, 5 September 1975), and these are

"(i) Material resulting from normal farming, silviculture, and
ranching activities, such as plowing, cultivating, seeding, and
harvesting, for the production of food, fiber, and forest pro-
ducts;

"(ii) Material placed for the purpose of maintenance, including
emergency reconstruction of recently damaged parts of currently
serviceable structures such as dikes, dams, levees, groins,
riprap, breakwaters, causeways, and bridge abutments or
approaches, and transportation structures."

19. Examples of materials used as fill, and which fit the above defini-
tion, include natural materials (soil, rock, and sand) and man-altered mate-
rials (dredged material, municipal solid wastes, municipal incinerator residue,
utility coal ash, mine tailings and sludges from water and sewage plants,
pollution control systems, and industrial processes). Man-altered materials
will be discussed in the last section of this part.

20. The definition of fill material includes the word pollutant.
Whether fill materials are used singly or in combination, they exhibit certain
properties that are important in determining potential impacts. One of the
key issues involved in the definition of fill material is related to subse-
quent requirements for testing/evaluation to identify potential environmental

impacts. One viewpoint would be to only approve the discharge of nonpolluted
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fill material. Usage of nonpolluted materials in limited quantities could con-
ceivably lead to elimination of requirements for discharge permits for these
types of materials. Usage of polluted fill material should in all cases
require a permit, with the fill material being subjected to various testing/
evaluation procedures. If more precise definitions could be developed rela-
tive to polluted and nonpolluted materials, the general work load required for
processing and issuance of permits would be reduced.

Discharge of fill material

21. Discharge of fill material means the addition of fill material into
navigable waters for the purpose of creating fastlands (landfills), elevation
of land beneath navigable waters, or for impoundment of water. According to
the location for fill material discharge, fill can be underwater entirely,
partly in water and partly out of water, or all out of water, that is, on dry
land. Discharge of fill material associated with underwater locatiomns, or
partly in and partly out of the water locations, can be made into fresh water
or seawater or some combination of these two in the estuarine zone. Two
major physical configurations of fill can be defined: area fills and line
fills. Area fills are those basically directed toward creation of continuous
land, while line fills are related to corridor-type projects. Table 2 summar-
izes various categories of fill material discharge. If the discharge of fill
material could be defined relative to both type of material and size of proj-
ect, the number of permit applications and resultant required permits would be
minimized.

Potential impacts of discharged fill

22. A key concern relative to the discharge of fill material is the
resultant impacts which will occur on the physical, chemical, and biological
environments. Impact denotes the change, either beneficial or detrimental,
that occurs in a particular environmental factor as a result of fill material
discharge.

23. Impact assessment involves both prediction of change as well as
interpretation of the effect of that change. Prediction of change encompasses
consideration of type (what) and quantity (how much), while interpretation
focuses on the magnitude (scale) of the change and professional judgment of
its importance.

24, Impact categories. There are many ways to categorize impacts from

the discharge of fill material. One viewpoint would be to consider impacts on



Table 2. Categories of fill material discharge

Project Type

Location

*

Physical
Configuration

Structures and impoundments -- place-
ment of fill that is necessary to

the construction of any structure;
the building of any structure or
impoundment requiring rock, sand,
dirt or other pollutants for its
construction;

A, B

Area, Line

Site development -- site—development
fills for recreational, industrial,
commercial, residential, and other
uses;

Area

Causeways/road fills -- causeways
or road fills;

Line

Property protection -- dams and
dikes; artificial islands, property
protection and/or reclamation
devices such as riprap, groins,
seawalls, breakwalls, and bulkheads
and fills; beach nourishment; levees;

Area, Line

Pollution control and other --
sanitary landfills; fill for
structures such as sewage treatment
facilities, intake and outfall pipes
associated with power plants, and
subaqueous utility lines; and arti-
ficial reefs.

Area, Line

*Location A
Location B = dry land
Location C = underwater

part in and part out of water



various components of the environment, including the physical-chemical, biolog-
ical, cultural, and socioeconomic environments.

25. Impacts can also be considered relative to space or geographic dis-
tribution. Certain impacts resulting from the discharge of fill material will
be site specific; that is, they will occur at the site where the discharge
takes place. Other impacts will occur in the vicinity of the fill area, while
still additional impacts may occur downstream. The magnitude of the changes
will vary with spatial distribution, and interpretation of their importance
will vary depending upon the location of occurrence.

26. Impacts can also be described relative to the various time phases
associated with projects. Certain impacts will occur during the physical dis-
charge of the fill material (construction phase), while other impacts may
occur from subsequent use of the fill area.

27. Impacts can also be categorized according to whether they are
direct or indirect. Direct effects are mainly related to the construction
phase as well as direct usage of the completed fill area. Indirect impacts
occur as a result of growth-related changes in land uses in the vicinity of
the £ill area.

28. Finally, impacts can be categorized as to their potential for rever-
sibility. Some impacts may be reversible while others may be irreversible.

29. Environmental impact relationships. Figure 1 depicts the relation-

ships between physical, chemical, and biological impacts resulting from the
discharge of fill material. Physical impacts result from the discharge of

fill material (primary), or from resulting impacts in the chemical and biologi-
cal environment (secondary). Some physical impacts may also result from other
precursor physical impacts. Chemical and biological impacts can also occur

via primary and secondary routes. Figure 2 depicts the impacts from the dis-
charge of fill material in a fashion which suggests that the biological

impacts represent composite indicators for previously occurring physical and

chemical impacts.

Magnitude of Filling Activities in the United States

Previous activities

30. Most estuarine areas of the United States have been modified more
or less severely by the various activities of man in dredging and filling

operations. It is noted that 237 of the estuarine areas have been severely
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modified, while 50% have been changed to a moderate extent (U.S. Department of
the Interior, Vol. 1, 1970). Between 1950 and 1969, nearly 666,000 acres, or
4%, of the fish and wildlife habitat was lost to filling and dredging opera-
tions (U.S. Department of Interior, Vol. 2, 1970).

31. 1In 1968, over 25,000 acres were altered by dredging and filling and
over one-half of this was associated with filling activities for commercial,
industrial, institutional, housing, and recreational uses. For the period
1950 through 1969, losses of estuarine habitat to dredging and filling in
three key coastal states (New York, Florida, and California) amounted to
234,000 acres. Nearly a third of this acreage was filled for industrial and
commercial development (U.S. Department of the Interior, Vol. 2, 1970).

32. The magnitude of filling activities also includes estuarine mod-
ifications associated with the construction of miscellaneous structures such
as jetties, dikes, breakwaters, piers, and causeways. These modifications
result in changes in circulation patterns and water movement within the estua-
rine zone, thus changing the resultant chemical and biological environments.

33. Although millions of acres of estuarine habitat have already been
lost or modified as a result of activities to create new land for development
or to build structures for protection from the elements, more loss is expected
as greater proportions of the population move to coastal areas.

Future considerations

34. Forecasts of future estuarine envirommental problems were developed
by personnel of the Fish and Wildlife Service with assistance from personnel
of cooperating state agencies (U.S. Department of the Interior, Vol. 2, 1970).
A total of 678 individual estuaries considered to be important to fish and
wildlife sources were rated as to the status and prospects of their use/con-
flict and other environmental problems. Filling was projected to be a problem
in 430 of the 678 estuaries, and dikes and levees were identified as potential
problems in 254 of the total.

35. An extensive study of coastal needs for landfills (fastlands) and
construction materials conducted in 1973-1974 (Reikenis, Elias, and Drabkowski,
1974) evaluated regional requirements for landfills and construction materials.
The study identified the potential uses of landfill relative to urban, econom-—
ic, environmental, and recreational activities in coastal regions. The study
provides detailed estimates for each region, but in general found that
regional needs for landfills and construction material will vary substantially

due to population shifts and economic growth. Regional needs will be
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substantially in excess of available dredged material volumes; accordingly,
substantial quantities of nondredged fill material (for example, sand and gra-

vel) are projected as required for all regions.

Examples of Fill Discharge Projects

36. Extensive land reclamation and fill discharge projects in Europe,
especially in the countries along the North Sea, date back to about A.D. 900
(Davis and Nudi, 1971). Holland's elaborate system of dikes and canals enclose
nearly 2 million acres of farmland, pastures, and sites for towns and cities (Lord,
1974). Reclamation is still intensely pursued, and very estensive projects,
such as the Zuider Zee Development, will add over 1.5 million acres by about
1980.

37. Although the discharge of fill material is not limited to coastal
areas in the United States, fill activities have focused on the creation of
additional lands along the sea coast. The concentration of people and wealth
around harbors has produced the need for more desirable land along the coast
and more access to the sea for leisure and pleasurable pursuits (Skinner and
Turekian, 1973).

38. Fill discharge projects in the United States can be divided into
two categories based on location (onshore and offshore). This section pre-
sents examples of existing and proposed onshore and offshore projects invol-
ving the discharge of fill material.

Onshore fill projects

39. Reclamation of land has occurred in many major coastal cities and
areas in the United States since the 1600's. Extensive fill areas constitute
portions of current-day Manhattan Island in New York City (Rutledge, 1970),
Boston (Teal and Teal, 1969), and Cambridge (Rutledge, 1970). Examples of on-
shore projects will be cited for New Orleans (Gagliano, 1973) and Miami Beach
(Dzurik, 1976). 1In addition, large sections of Boca Ciega Bay in Florida
(Taylor and Saloman, 1969), San Francisco Bay (Schoop, 1969), and Willapa Bay
in Washington (U.S. Department of the Interior, Vol. 3, 1970) have been sub-
jected to filling activities.

40. New Orleans. The urban growth of New Orleans which requires a
reclamation project along the southern boundary of Lake Ponchartrain is a
major example of filling in the United States. Presently, 6-1/2 miles of the

project have been completed, including the New Orleans Lakefront Airport. The
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project has been described as a multiuse development providing flood and ero-
sion prevention as well as recreation, residential, and public facility sites
(Gagliano, 1973).

41. Miami Beach. Another example of a fill project of major importance
is the Miami Beach project in Florida, begun in 1913. This project included
the transformation of a 200-foot-wide barrier island into a mile-wide tourist
resort (Dzurik, 1976).

42, Boca Ciega Bay, Florida. Most coastal counties in Florida have

been subjected to dredging and filling projects for a number of years, with
the projects primarily concentrated in the middle and lower portions of the
state. One of the most extensive fill projects is in Boca Ciega Bay, a narrow,
coastal lagoon near Tampa. Ecological stress has been observed in Boca Ciega
Bay as a result of hydraulic dredging and the creation of fingerlike fills for
residential property. The ecological impacts are detailed in studies by
Taylor and Saloman (1969) and Sykes (1971). Water circulation within the Bay
has been partially obstructed, dredged silt and clay has been redeposited, and
a large volume of domestic sewage has been introduced from the expanding bay-
side population. Most of the dredging and construction within Boca Ciega Bay
occurred 15 to 20 years ago. Filling of 3500 acres has reduced the total area
of Boca Ciega Bay by about 20% (Taylor and Saloman, 1969; Sykes, 1971). In a
broader context Taylor (1970) has estimated that coastal development has dras-
tically reduced or entirely eliminated biological production in about 20% of
all coastal areas in Florida.

43. San Francisco Bay. Extensive filling has been practiced in San

Francisco Bay for over a century due to the natural shallow characteristics of
the Bay. About two-thirds of the original 680 square miles is less than 18 ft
deep at low tide, and previous diking and filling of tidelands and marshes has
reduced the original size to a little more than 400 square miles (Schoop,
1969).

44, A major fill project in San Francisco Bay was the construction of
Treasure Island, which is a 400-acre artificial island constructed for use in
the 1939 San Francisco Bay Exposition. Filling was initiated in 1936, and
when it was completed in 1937, almost 30 million yd3 of material had been
placed in a shallow water area located in San Francisco Bay between San Fran-
cisco and Oakland (Pestrong, 1974).

45. The San Francisco Bay Conservation Development Commission released

a plan in 1969 which recommended that filling of San Francisco Bay be limited
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to only priority uses, with no future filling allowed for housing, solid waste
disposal sites, and other low-priority projects (Schoop, 1969). The plan iden-
tified high-priority projects as ports, water-related industry, water-parks,
marinas, beaches, fishing piers, and some airports and freeways.

46. One of the key environmental concerns relative to San Francisco Bay
is the desire to minimize filling on marshes, mudflats, and adjacent salt
ponds, since these areas are vital to fish and bird populations. Another
environmental concern relates to the influence of Bay waters on the area cli-
mate, Bay waters moderate the extremes of hot and cold, and studies have indi-
cated that converting more Bay surface to land would increase smog-producing
temperature inversions in the area (Schoop, 1969).

47. Therefore, while extensive filling has occurred in San Francisco
Bay, recent attention has focused on the long-term consequences of these activ-
ities, and future discharge of fill material will be limited to priority uses
(Schoop, 1969).

48. Willapa Bay, Washington. Willapa Bay, located in Pacific County,

Washington, is bounded by the Long Beach Peninsula, Pacific Ocean, and Cape
Shoalwater on the west and by marshes, grasslands, and uplands in the other
three directions. It is estimated that 6300 acres of Willapa Bay marshlands
and tidelands have been reclaimed for agriculture, while another 300 acres
have been reclaimed for industrial uses and highway purposes. In addition, in
the late 1960's the Pacific Soil and Water Conservation District was urging
the diking and reclaiming of an additional 6600 acres of tideland for pasture,
hay, and silage production (U.S. Department of the Interior, Vol. 3, 1970).

49, Landfill projects in Willapa Bay have resulted in the destruction
of nearshore shallow and highly productive areas important for estuarine and
estuarine-dependent organisms, nutrient regeneration, and production of
organic matter. Filling of portions of the Willapa Bay has already eliminated
feeding and nesting areas for many species of fish and wildlife.

50. Continued draining, clearing, and filling of freshwater lowland
swamps and ponds for housing developments is causing water-quality problems,
altered drainage patterns, siltation, and increased concern to the oyster
industry, fish and wildlife managers, and conservation interests.

Offshore fill projects

51. A number of offshore developments have recently been proposed or
are under construction in coastal areas (Lord, 1974). Examples include off-

shore airports, artificial islands, and port facilities. A number of projects
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now in the advanced planning or construction stage demonstrate that the trend
is for offshore projects to be of larger size and greater diversity than in
the past (Lord, 1974).

52. There are both beneficial consequences as well as potential adverse
effects which can occur as a result of offshore development. Among the poten-
tial environmental benefits are filling of unsightly swamp areas, reduced
shoreline erosion, improved flushing and circulation of coastal waters,
expanded marine habitats, control of urban encroachments, less costly land in
some cases, availability of large quantities of water for cool